RAGE: 1 FRINT DATE: D&/21/4

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CRITICAL HARDWARE
- NUMBER: 94-2-CFHO2-X

SUBSYSTEM NAME: AUXILIARY POWER UNIT (APL)

REYISION: a D21/
PART NAME PART NUMBER
YENDOR HAME YENDOR NUMBER
LAU . HQSE FLEX ME271 -007 584X
TITEFLEX 108058200

FART OATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
FLEX HOSE. GAS GENERATOR (G3) COQLING

QUANTITY OF LIKE ITEME: 3
OME PER APU

FUNCTION:

TRANSFERS CCOLING WATER FROM CONTROL YALVE TO AFU GAS GENEFATOR (GG
INJECTOR TO LOWER INJECTOR TUBE BRANCH PASSAGE TEMPERATURES TG
PAEVENT HYDRAZINE DETONATION DURING APU HOT RESTART. GG INJECTOR
COOLING MUST BE PERFORMED PRIOR TO APU START IF GG INJECTOR OF BED
TEMPERATURE IS ABOVE 415 DEG F (DUE TO SOAXBACK) PER VasTOX744 OR
VAETOXZ2A. CREW OPENS VALVE FOR 209 SECONDS (MINIMUM WITH CONTROLLEA
FOWER ON AND APU OPERATE SWITCH IN *INJECTOR COOL" POSITION. CREW
MONITCRS REAL-TIME CHSPLAY TO CONFIRM INJECTOR TEMPEAATURES ARE
OECREASING. AT END OF COOLING PERIOC, CREW MUST CYCLE APU OPERATE
SWITCH TO *START/RUN" POSITION IMMEDIATELY TO PREVENT AEHEATING OF
INJECTOR BRANCH PASSAGES.

INJECTOR COOLING CAN BE USED FOR BOTH PAD AND MISSION APU HOT RESTARTS
(REFER TO THE FOLLOWING REFEAENCE DOCUMENTS).

REFERENCE DOCUMENTS: NSTS-18007, LCC SECTIONS: APU-18, APLN20, APU-B3 4 2.

NETS-08854, (VOL ) SODB SECTION 5.44.35
NETS 12820, FLIGHT RULE SECTION 10-3
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FAGE: 2 PRINT DATE: 08/21/84

FAILURE MODES EFFECTS ANALYS!S (FMEA} — CRITICAL FAILURE MODE
NUMBER: Od-2-CFMO02-01

- REVISION: 3 02154
SUBSYSTEM NAME: AUXILIARY POWER UNIT {APU)
LAU: HOSE, FLEX CRITICALITY OF THIS
ITEM NAME; HOSE, FLEX FAILURE MODE; 182

FAILURE MQDE:
EXTERNAL LEAKAGE, RESTRICTED FLOW

MISSION PHASE: PRELnue u
Lo LIFT-OFF
Q0 ON-ORBIT

3 e T

VEMICLEPAYLDADAIT GFFESTIVITY: 102 COALUMBIA
109 DISCOVERY
10d ATLANTIS
105 ENDEAVOUR

CALSE:
RUPTURE, CRACKS, FITTING FAILURE, CONTAMIMATION, PINCHED LINE

CRITICALITY /1 DLRING INTACT ABORT OMLY? YES
ACHA ABOAT ONGE ARDUND

REDUNDANCY SCREEN Aj PASS

B} PSS FALc,

C)PASS
PASSFAIL RATIONALE: .
A}
2}
C)

- FAILURE EFFECTS -

{A) BUBSYSTEM:

NG EFFECT FOR NOMINAL MISSEON, GROSS WATER LEAKAGE OR
RESTRICTEDAMPRCPER FLOW OF THE FLEX HOSE RESULTS IN LOSS OF COOLING
CAPABILITY TO THE AFFECTED APLS. FOSSIBLE HYDRAZINE DETONATION AT
RESTART DUE TO EXCESSIVE GG BRANCH PASSAGE TEMPERATURE IF COOLING IS
NOT AVAILABLE. APU'S CANNOT BE SAFELY RESTARTED WITHOUT WATER COOLING
UNTIL GG INJECTOR OR BED TEMPERATURE (VASTOXT4A OR V45TOX224 ) FALLS BELOW
415 DEG F (APPROXIMATELY 4 HOURS AFTER SHUTDOWN).
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PAGE. 3 PRINT DATE: O%21/94

FAILURE MQDES EFFECTS ANALYSIS (FMEA} - CAM{ZAL FANLURE MODE
NUMBER: 04-2-CFHO2-01

(B) INTERFACING SUBSYSTEM(S):

. - g | o= = S LY PY R oy 3
NO EFFECT FOR NOMINAL MISSIQN. «oie ©F  S0erT oo sl :
HIQu A=t SpaTEM LF  jawT REsTALT O LT GE Ped Fo I E L
{C) MISSION:

NG EFFECT FOR NOMINAL MISSION. PRECLUGES SAFE AP RESTART IN THE EVENT OF
CONTINGENCY ARORT, OR SYSTEM-INDUCED AGA WITHIN FOUR HOURS OF APL
SHUTDOWN, IF INJECTOR COOLING NOT AVAILABLE, ABORTS FOSSIBLY DELAYED
UNTIL TGS NJECTOR TEMPERATURES FALL WITHIN SAFE RANGE.

L T HaT SESTAPT vt By g ' TER-E Y 2
{D) CREW, VEHICLE, AND ELEMENT{5):
NO EFFECT FOR NOMINAL MISSION. POSSIBELE LOSS OF CREWAEHICLE DUE TO
HYDRAZINE DETONATICN IF HOT RESTART QF THE AFFECTED APU 18 ATTEMPTED, - -
Cores LLATE Ceme  Ab.
{E) FUNCTIONAL CRITICALITY EFFECTS:
NO EFFECT FOR NOMINAL MISSION. POSSIBLE HYDRAZINE DETOMATION AT RESTART
OF THE ASSOCIATED APU DUE TQ EXCESSIVE GG BRANGCH PASSAGE TEMPERATURE IF
COOLING 18 NOTAVALABLE . wpsri = il Atz

ErTRy

SNSPOSITION RATIONALE-

{A} DESIGN:
MATURE HARDWARE USED ON MILITARY AIRCRAFT AND SPACE PROGRAMS.

HOSE INNER CORE IS EXTRUDED TFE. REIMFORCEMENT IS 304 858 WIRE BRAID. HOSE .
'S SINGLE BRAID QUALIFIED TO MIL-H-25579.

HOSE END-FITTINGS ARE 55 PROGAESSIVE-SWAGED WITH POSITIVE BRAID LOCK &

CONFORM TO MIL-H-25579. ONE HOSE END 1S 304l STRAIGHT TUBE AND THE OTHER
END 1S AN "AN" FITTING.

(B) TEST:
HOSE ASSEMELY QUALIFICATION - IMPULSE ENCURANCE CYTLING (100,000 CYCLES, 0
1876-0 PS| AT 400 DEG F) IN ACCORDANCE WITH FI3 3 OF MIL-H-25579.

| AATE - 70 CYCLESMIN BURST PRESSURE, -04 SLZE. BODO PHI AT 70 DEG F, 8000 FSI AT
450 DEG F.

SUPPLIER ACCEPTANCE - PROOF PRESSURE 3000 PS).

GAOUND TUANARCUND TEST:
ANY TURNARCLIND CHECKOUT TESTING 1S ACCOMPLISHED IN ACCORDANCE WITH
CMRSD.

{C) INSPECTION:

RECEIVING INSPECTICN

RECEIVING INSPECTION AND CHEMICAL ANALYSIS PERFORMED ON ALL RAW
MATERIALS. RECEIVING IRSPECTION VERIFIES INCOMING RAW STOCK IS NOQT
RELEASED TO THE SHOP FOR USE UNTIL. A SAMPLE OF THE MATERIAL HAS BEEN
CERTIFIED AS ACCERPTABLE BY THE COMPANY METALLURGIST.

CONTAMINATION CONTROL
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FAGE: 4 PRINT DATE: Dor21/94

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMBER: 04-2-CFHO2-01

CLEANLINESS TO LEVEL 100 IS VERIFIED BY INSPECTION. CORROSION PROTECTHIN
HEQUIREMENTS ARE YERIFIED BY INSPECTION.

ASSEMBLYANSTALLATION

MANUFACTURING, ASSEMELY AND INSTALLATION REGUIREMENTS ARE VERIFIED BY
INSPECTION, DIMENSIONS AND SURFACE FINISHES ARE YERIFIED BY INSFECTION.
HOSE END FITTINGS ARE VERIFIED BY INSPECTION.

NONDESTAUCTIVE EVALUATION

RADIQGRAPHIC INSPECTION QF SWAGED FIITINGS TO ASSURE THE HOSE AND BRAID
ARE PROPERLY BOTTOMED IN THE END FITTING IS VERIFIED. RADICGRAPHIC
INSFECTION QF EUTT WELDED TUBING |S VERIFED. EACH WELD RADIQGRAPH IS
INSPELTED LUNDER MAGNIFIGATION TO ASSURE THE WELDS ARE FREE OF CRACKS,
PORQSITY, INCLUSIONS QR VQIDS,

CRITICAL PROCESSES
BUTT WELDING AND SWAGING ARE VERIFIED BY INSFECTION.

TESTING

TEST EQUIPMENT AND TOOL CALIBRATION ARE YERIFIED BY INSPECTION. PROOF
PREISURE AND LEAK TEST OF EACH HOSE ASSEMELY IS PERFORMED BY INSPECTION
FERSONAL.

HAMDLINGPACKAGING
HANDLING, PACKAGING, STORAGE, AND SHIPPING PAOCEDURES ARE VERIFIED,

(D) FAILURE HISTORY:
CURRENT DATA ON TEST FAILURES, FLIGHT FAILLURES, UNEXPLANED ANOMALIES, AND
QTHER FAILURES EXPERIENCED DURING GADUND PROCESSING ACTIVITY CAN BE
FOUND IN THE PRACA DATABASE.

(E) OPEAATIONAL USE:
NONE -

- APPROVALS -

PAE MANAGER ML PRESTON
FPRODLICT ASSURMANCEENGA (T A
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